Objective: To present the case of a Division I female college basketball player with a complete Achilles tendon rupture. Background: A 19-year-old, female college basketball player ruptured her right Achilles tendon during preseason conditioning. She had no previous history of heel cord symptoms. Treatment: The athlete underwent open surgical repair of Achilles tendon. The athlete successfully progressed through a functional rehabilitation program focused on early mobilization and weight bearing. The rehabilitation program was continually modified to address deficiencies and to keep the athlete actively engaged. She was cleared for full, unrestricted activity 15 weeks and 3 days after surgery and returned to game participation in 16 weeks. Conclusions: This case provides evidence that early mobilization and weight bearing can be used while still protecting the repaired tendon.
The Achilles tendon is the thickest, strongest, and most commonly injured tendon in the human body. [1] [2] [3] Most Achilles tendon ruptures are sports related and occur in men age 30-40 years. 1, 4, 5 It is a rare injury in young women. 1, 3 An informal phone survey of 40 Division I women's basketball teams participating in the 2001 NCAA tournament found that only 2 Achilles tendon ruptures had occurred in the last 10 years. Both cases were seasonending injuries.
The Achilles tendon can be ruptured by direct or indirect trauma to the tendon. The most common indirect mechanisms include pushing off with the weight-bearing forefoot while extending the knee joint, sudden and unexpected dorsiflexion of the ankle, and violent dorsiflexion of a plantarflexed foot. 6 Sports-related acute ruptures typically occur late in a practice session or game when fatigue might be a factor. [7] [8] [9] Achilles tendon ruptures are associated with pain, swelling, and a history of an audible "pop." The athlete will typically exhibit decreased function, Davlin is with the Sport Studies Dept at Xavier University, Cincinnati, OH 45207. Jenike is with the Athletics Dept at Xavier University. a positive Thompson test , and a palpable gap 2-6 cm proximal to the insertion of the Achilles tendon. 4, 6, 7 The treatment of this injury is controversial in the literature; however, surgical repair is usually favored for young athletes. 10, 11 Although the Achilles tendon is capable of repairing naturally, the benefits of surgical repair over conservative treatment include a lesser degree of calf atrophy, 3 increased push-off strength, 12 and a decreased incidence of tendon reruptures. 3, 13 Furthermore, surgically treated patients are able to resume sports activities at their preinjury level at a faster rate than conservatively treated patients. 3 Rehabilitation of the surgically repaired tendon is also controversial. Issues such as the length of time the ankle should be immobilized and the optimal progression of weight bearing after open surgical repair continues to be debated in the literature. There also remains a paucity of research regarding top-level athletes with ruptured Achilles tendons and their return to high-level competition status.
We present a case of a traumatic rupture of the Achilles tendon in a Division I female basketball player and its subsequent treatment. The successful surgical repair, coupled with the progressive rehabilitation program, allowed the athlete to return to game participation in 16 weeks.
Case Report
A 19-year-old Division I college women's basketball player sustained an Achilles tendon rupture in the right leg during preseason conditioning. Toward the end of running sprints for 1 hour, the athlete touched the baseline of the court with her right foot, at which time she heard a "pop" and felt pain in the right calf. Immediate evaluation by the head athletic trainer and the team physician revealed a positive Thompson test with palpable detachment. The athlete was diagnosed with a complete right Achilles tendon rupture. She was then given 60 mg of Toradol, an injectable nonsteroidal anti-inflammatory drug (NSAID), and placed in a posterior ankle splint with the ankle plantar flexed 15° to 20°. The athlete was then transported to the team orthopedic surgeon, who confirmed the diagnosis and scheduled surgery for the next morning.
The following day, the athlete underwent open surgical repair of the Achilles tendon. During the procedure, the surgeon found that there was a complete rupture of the Achilles tendon without significant retraction. The surgeon reattached the proximal and distal borders of the Achilles tendon. Surgery was successful. Postoperatively the athlete was placed in a posterior ankle splint supporting the ankle in 25° to 30° plantar flexion. The athlete was non-weight bearing (NWB) with crutches.
After the surgical repair, the athlete was seen by the athletic training staff up to 3 times a day, 7 days a week. The following rehabilitation protocol is presented in 4 phases. 
Rehabilitation, Phase I: Weeks 1-4
The goal of the first 9 days after surgery was to promote tissue healing, decrease inflammation, and control the athlete's pain (Table 1) . During the first 9 days post-op, a BREG Cooling Unit (Polar Care 500, BREG, Inc, Vista, Calif) in the cast was used to reduce inflammation. It was used 24 hours a day for the first 3 days, then over the next 6 days it was used only when the athlete was not attending a class. On the 9th day the surgeon evaluated the athlete. The staples were removed, and steri-strips were applied along the scar. The surgeon was able to passively dorsiflex the foot to 0° upon immediate removal of the cast. The athlete was then placed in a Bledsoe boot (Bledsoe, Grand Prairie, Tex) with a 10° heel lift. For the next 2 weeks a Precision Compression Unit (Chattanooga Group Inc., Hixon, Tenn) and ice were used to decrease inflammation. The goal for phase I was modified on day 9 to include scar maintenance, increased range of motion (ROM), and increased strength. Several modalities and products were used to promote scar healing. Elastomer Putty (Smith and Nephew, Germantown, Wisc) with an ace wrap was worn for 2 weeks to diminish scar thickness. To increase circulation, a pliable magnet was placed under the ace wrap for 3 weeks postsurgery. Increasing circulation promotes substance exchange between cells, thus accelerating the natural healing process. EMU Products (MedZone Corporation, Sun City, Ariz) were used for transverse friction massage 3 times a day until the end of phase II to reduce keloids and diminish scar color. Controlled progressive stretching and strengthening exercises were introduced to assist in regaining full ROM and strength without harming the repaired tendon. The athlete was also given a home program to control her desire to work on her own.
Rehabilitation, Phase II: Weeks 5-8
Reducing the athlete's pain and swelling, as well as increasing her ROM and strength remained as goals. Additionally, her progress to this point allowed the introduction of more strengthening, cardiovascular, and functional activities (Table 2) . A progressive program of manual resistance exercises was performed through the entire ROM in 5 directional planes. This allowed the athlete to increase the strength of the posterior tibialis and peroneal muscles, which function as plantar flexors and were weakened through the period of NWB. Hip abduction exercises were also added to the strength program to enhance pelvis control. As part of the home program, the athlete began heel-cord-board exercises using 5-direction ankle resistance with a Green Theraband® (The Hygenic Corp, Akron, Ohio) as well as towel scrunches to regain the strength lost in the flexor hallucis longus and flexor digitorum longus muscles. These muscles function not only as accessory plantar flexors but also as toe flexors that are needed for explosive acceleration. To increase cardiovascular endurance while protecting the healing tendon, the athlete used an upper body ergometer in week 5. As her strength and ROM increased she was able to start a pool running program and then began biking for 20 minutes a day while wearing the boot.
During this phase, the athlete was observed to have excessive movement of the knee posteriorly during walking. This was due to a lack of proprioception and strength at the heads of the gastrocnemius muscle during full weight bearing. To address this problem, variable muscle stimulation (VMS) was used on the gastrocnemius heads during retro step-ups with blue-Theraband resistance (Figure 1) . Proprioception was further addressed with one-leg balancing, BAPS training, and balance training on a half-inch foam roller with a rebounder and a 2-lb ball. This was an important focus of the rehabilitation protocol. Neumann et al 14 found evidence of kinematic changes and neuromuscular deficits in the gastrocnemius muscle of 10 patients a full year after undergoing surgical repair of a ruptured Achilles tendon. The authors suggested that rehabilitation should concentrate on improving the temporal innervation pattern of the gastrocnemius muscle using functional movements.
Rehabilitation, Phase III: Weeks 9-12
In the beginning of phase III, the athlete had full active range of motion (AROM) and bilateral strength (Table 3 ). However, she lacked the necessary power, agility, and endurance to perform sport specific tasks over time. Therefore, the goals of phase III included increasing upper and lower body strength, enhancing sport-specific proprioception and neuromuscular facilitation, and retraining the running motion. Work on balance, proprioception, core stabilization, agility, and plyometrics were addressed in both the athletic training room and in the weight room. The athlete was carefully supervised by either the head athletic trainer or the head strength coach to ensure that each exercise was performed pain free and with excellent form.
To further strengthen the peroneals, manual resistance was applied to the origin of the peroneal muscles, while the athlete performed closedchain isometric contractions. In the 10th week, several exercises were used to focus on the soleus muscle including seated toe raises, Pogo seated bouncing, and seated retro walking on a 4-wheel physician stool for 25 ft. To promote neuromuscular facilitation, the athlete performed 100 "quick touches," starting in full dorsiflexion and rapidly plantar flexing to touch the therapist's hands. These were performed open chain to facilitate entrylevel explosion moves.
Retraining the running motion began in week 11 by using the Jammer (Hammer Strength, Franklin Park, Ill) to increase muscle strength throughout the ROM in a slow controlled manner. The athlete also began a progression of single-leg step-ups, step-up to heel raises, and finally full-speed step-ups with explosion. In addition, the athlete began cardiovascular training on the Elliptical trainer. As the athlete's activity level at full weight bearing increased, muscle fatigue, and tightness were noticed. This was addressed by implementing a more aggressive stretching program, which included prone hangs with a 10-lb weight, and the use of high-volt stimulation to reduce muscle soreness.
The athlete was a very tough-minded individual with an unrelenting drive to succeed. She had to be constantly slowed down and with the exception of the home program was supervised in all activities. At the beginning of phase III, the athlete started to envision the possibility of return to competition. She was allowed to shoot seated free throws 6 ft from the basket. By the end of phase III, she was allowed to shoot baskets for 5 minutes. Incorporating basket shooting into the rehabilitation protocol not only served as a functional activity, preparing her for return to competition, but also allowed the athletic training staff to monitor this very motivated athlete so that she did not push herself too hard or try to work on her own.
Rehabilitation, Phase IV: Weeks 13-16
The primary goal of phase IV was for the athlete to reach a level of strength, endurance, power, and agility that would allow her to play Division I basketball while protecting her from reinjury. Thirteen weeks postsurgery the athlete was cleared to jog with protective tape (Table 4) . Three 3-in Elasticon stripes were used in a fan shape, starting at the metatarsal heads and ending on the mid-calf, to prevent terminal range of dorsiflexion. A regular ankle tape job was placed over the elasticon for further support. Over the next 2 weeks she progressed through court-side sport specific activities such as jogging, skipping, cutting, v-cuts, figure 8s, defensive slides, sprints, jumping, and deceleration stops to direction changes. She was released for partial practice at week 15 and was fully released 3 days later. The athlete was able to walk, jog, and sprint to the half-court line without an observable limp. She was also able to jump and perform small drills pain free and biomechanically accurate. Once the athlete was released to practice, and her on court activity began to increase, several methods were initiated to monitor her injury status. For example, the circumference of the distal tibia (4 and 8 cm above the medial malleolus) and crepitus at the Achilles tendon insertion was checked daily. Goniometer measurements and Cybex-Norm strength testing was done each week. Cybex-Norm testing provided weekly strength curve comparisons to regulate against strength loss. All measurements remained within normal limits. However, daily symptoms of fatigue, swelling, and pain continued to be an issue. Fatigue could be seen as small tremors in the posterior knee when the athlete was weight bearing and in terminal extension. As soon as fatigue was observed, the athlete rested.
Beyond preparing the athlete to return physically, there were several other issues that were taken into consideration. This athlete was regarded as a top Division I basketball player. Before injury she would typically play 38-40 minutes each game. Because of the injury, she was no longer a starter, and her playing time would be limited. Therefore, the athlete had to accept her limitations as well as her new position as a role player. The athlete also had to learn to communicate with the sports-medicine staff regarding how her leg was feeling, instead of blocking the pain and playing through it. The athlete, however, was highly motivated to return and wanted to Functional VMS: to gastrocnemius TKE: FWB/Blue Therarehabilitation heads with resisted 4" band retro-step-ups Pogo: seated bouncing contribute to the team in any way possible. Sixteen weeks and 2 days postsurgery, the athlete played in her first game. Interestingly, to reduce the onset of fatigue the athlete changed her typical game and began using less running steps with longer passes. In her first game, she was able to play for 12 minutes. By the end of the season she was averaging 20 minutes of playing time per game. She competed in 8 regular-season games and 7 postseason games. Twenty weeks after her surgery, the athletic training and coaching staff observed that the athlete was performing at her preinjury level.
Discussion
Accurate diagnosis of complete Achilles tendon ruptures can be difficult. Misdiagnosis occurs in approximately 25% of cases and is most often mistaken for an ankle sprain. 12, 15 This may be due to several factors. For example, Achilles tendon ruptures typically occur without any previous symptoms. 7, 15, 16 Fahlstrom et al 9 found that only 16% of their patients complained of any heel cord symptoms before injury. Furthermore, although a sudden "pop" or snap is usually reported in the area of the Achilles tendon along with immediate pain, it is possible that the athlete may experience only minimal pain, or no pain at all. 17 , 18 Christensen 17 found that in 57 cases, one third described a painless rupture. Last, despite immediate ankle weakness, weight bearing is often possible. Although the gastrocnemius and soleus will not be able to perform as plantar flexors, slight active plantar flexion may be possible through the functioning tibialis posterior, flexor hallucis longus, flexor digitorum longus, and the peroneal muscles.
Nevertheless, a complete rupture of the Achilles tendon should be suspected if the athlete has a positive Thompson test, 19 a palpable defect between 2 and 6 cm proximal to the tendons insertion on the calcaneus, and observation of an abnormal gait. In a study of 42 patients, Beskin et al 15 found that the Thompson test was positive for all patients with an acute rupture, and positive for 80% of the patients with a chronic rupture. In addition, each patient exhibited a palpable defect. After injury, the athlete might still be able to walk, despite difficulty maintaining balance. Typically the athlete will walk on the heel, with the "take-off" phase of gait absent. 17 Early diagnosis is important to prevent inappropriate therapy and prolonged disability.
Treatment of Achilles tendon ruptures remains controversial in the literature. Open surgical repair is commonly recommended for athletes and patients seeking a return to high levels of physical activity. 11, 20 Several studies have shown that open surgical repair, coupled with early functional rehabilitation, results in lower rerupture rates, superior plantar flexion strength, and a greater rate of return to sport's participation at the patient's preinjury level, when compared to conservative treatment. 3, 7, 15, 20, 21 Cetti et al 3 reviewed the literature on 4083 Achilles tendon ruptures and found fewer reruptures in those treated operatively (1.4%) than in those treated nonoperatively (18.1%). Furthermore, in a prospective study of 111 patients, Cetti et al 3 found that 57% of patients treated operatively returned to sports at their preinjury level as compared with only 29% of the conservatively treated patients. In a review of 125 articles concerning 5056 Achilles-tendon ruptures, Wong et al 11 found that those patients treated with open repair and early mobilization had the best outcome with regard to complication rates. The athlete in this case study has not suffered from any complications as a result of the surgical repair of the ruptured tendon, and moreover, was able to return to her preinjury level of athletic performance.
Traditionally, surgeons have recommended 6 weeks of immobilization in a short-leg cast following open Achilles-tendon repairs. 22 However, several recent studies have shown positive results when using early mobilization after open surgical repairs. [23] [24] [25] [26] Careful early mobilization places tension on the healing tendon that can assist orientation and organization of collagen fibers, 27 decrease muscle atrophy, 28 and improve the vascularity of the tendon, 29 thus enhancing the mending process of the repaired Achilles tendon. 22, 23, 25, 27 We believe that the athlete in this case study benefited from a relatively short time in a cast (8 days) followed by a progressive stretching program that allowed careful restoration of full passive and active range of motion 8 weeks after surgery.
Optimal progression of weight bearing is also controversial in the literature. In a review of 34 articles, Cetti et al 3 found that after surgery, patients were typically non-weight bearing for 6 weeks. Along with early motion, however, early weight bearing has recently shown encouraging results. 25 After 3 weeks, the athlete in this case study was allowed partial weight bearing. Four weeks postsurgery, she was at full weight bearing. Mandelbaum et al, 25 in a study of 29 athletes, showed positive outcomes with partial and full weight bearing in a hinged orthosis beginning 2-3 weeks postsurgery. Moreover, 25 of the patients were able to perform a single-leg toe raise in 3 months, and 27 of the 29 patients had returned to sports by 6 months. 25 Interestingly, Aoki et al 26 studied 11 men and 11 women with sports-related Achilles-tendon ruptures, who began careful weight bearing 2 weeks postsurgery. Twenty of the 22 repaired tendons healed without rerupture, and the patients were able to return to full sports activity in an average time of 13 weeks.
Conclusion
A complete rupture of the Achilles tendon is a unique injury for a top-level female athlete. This case study demonstrates that early mobilization and weight bearing can be initiated while still protecting the repaired tendon. The rehabilitation protocol was developed to meet the constantly changing needs of the athlete with the resources available. As problems arose, unique and creative solutions were applied. It is important to note that the ultimate success of this protocol was due to the athlete's positive mindset and realistic goals for return to play. The following season, the athlete regained her position as a starter on the team and has received regional honors. She has suffered several transient bouts of tendinitis and remains taped for protection during competition.
